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Abstract. Ten cases of thymic hematoma in young dogs (9-24 weeks of age) were reviewed. Anticoagulant rodenticide toxicosis was confirmed in 5 cases. Histologically, hemorrhage caused variable expansion of thymic lobules and interlobular septa. The medulla appeared to be the primary site of hemorrhage. In areas of severe hemorrhage, normal lobular architecture was lost and lymphocytes were admixed in the hemorrhagic exudate. Vasculitis, necrosis of capillaries, and degeneration of the capsule were observed in infarcted areas. In 2 cases, angiofibroplasia indicated a longer interval between onset of thymic hemorrhage and death. The lesions are similar to those in 5 cases of idiopathic thymic hemorrhage. Appropriate samples were not available for anticoagulant rodenticide analysis in 3 of these 5 idiopathic cases. Lesions in confirmed cases of anticoagulant rodenticide toxicosis also are compatible with published descriptions of idiopathic and spontaneous thymic hemorrhage, but are inconsistent with normal thymic involution. Analysis for anticoagulant rodenticides is indicated in cases of thymic hematoma when an obvious cause is not detected at necropsy.
Idiopathic or spontaneous thymic hemorrhage is an uncommon, often fatal, lesion in dogs. Reports from Europe, 10,11 the Netherlands, 17 Israel, 8, 9 and the United States 2,3,7 indicate a wide geographic range. Most affected dogs are less than 2 years old and many cases occur in animals between 3 and 9 months. No sex or breed predilection has been established. Of 78 published cases, the cause of the hemorrhage was established as automobile trauma (3 cases), dissecting aneurysm of the aorta (4 cases), 17 or undetermined (remainder). Assays for anticoagulant rodenticides were performed in only 2 cases of thymic hemorrhage and none were detected. 2, 3 It is noteworthy that in 1 report, the dog's littermate also presented with a coagulopathy that responded to blood transfusion and 6 weeks of vitamin K therapy. 3 Exposure to anticoagulant rodenticides can result in a wide range of clinical signs, radiographic findings, and ultrasonographic findings dependent upon whether hemorrhage occurred in single or multiple sites. 14 The thymus and anterior mediastinum are sites of predilection for spontaneous hemorrhage in dogs poisoned by anticoagulant rodenticides. 16 From The University of Georgia, College of Veterinary Medicine, Veterinary Diagnostic and Investigational Laboratory, Tifton, GA 31793.
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Once the Veterinary Diagnostic and Investigation Laboratory (VDIL) in Tifton, Georgia, developed the ability to assay for anticoagulant rodenticides, a definitive cause for thymic hematoma was established in several of these cases. A retrospective study of cases of thymic hematoma from this laboratory was conducted. Histologic lesions in confirmed cases of anticoagulant rodenticide toxicosis are described and compared with those in VDIL cases and published reports of idiopathic thymic hemorrhage. Fresh liver samples were analyzed by high-performance liquid chromatography for warfarin, bromadiolone, and brodificoum. 13 Sixty-three cases of anticoagulant rodenticide toxicosis in dogs were detected in 28 months. These included 38 warfarin-, 18 brodifacoum-, and 10 bromadiolone-positive assays. Multiple anticoagulants were detected in 2 cases. The average age of the 63 dogs was 38 months. Five of the 63 intoxicated dogs presented with thymic hematoma and the average age of these dogs was 4 months. Thymic hematoma, with large amounts of clotted and unclotted blood localized in the mediastinal space, was the primary finding in 5 dogs in which no anticoagulants were detected or in which suitable specimens were not available for testing. Formalin fixation renders liver unsuitable for testing. The average age of 10 dogs presenting with thymic hematoma was 3 months. Signalment and toxicology results are presented in Table 1 .
Most of these cases presented with no premonitory signs. Complete necropsies were performed on cases 3, 4, 5, 6, 7, 8, and 10. Only formalin-fixed tissues were received in cases 1, 2, and 9. Significant lesions were confined to the thymus. To determine if the thymus was involuting, sections were evaluated histologically for loss of cortical lymphocytes, infiltration of adipose tissue, and increase in thymic corpuscles. Loss of cortical lymphocytes was based on presence or absence of demarcation between cortex and medulla on the basis of stain intensity (lymphocyte density).
Microscopic lesions in 5 confirmed cases of rodenticide toxicosis were compared to a normal age-matched thymus (Fig. 1A) . The primary lesion of toxicosis cases was variable degrees of hemorrhage in thymic lobules, interlobular septa, or both. In some lobules, hemorrhage was confined to the medulla and inner cortex (Fig. 1B) . Hemorrhage was confined to the interlobular septa in 1 case. Severe hemorrhage resulted in marked expansion of lobules and interlobular septa from 2 to 7 times the normal width (Fig. 1C) . Affected lobules had a loss of normal architecture with decreased numbers of cortical and medullary lymphocytes and necrosis of epithelial reticular cells and thymic corpuscles also was observed. Severe hemorrhage resulted in capsular fragmentation and distortion. Leukocytoclastic vasculitis and necrosis of capillaries were observed only in areas of severe hemorrhage. Coagulative necrosis of lobules was observed in 2 cases (Fig. 1D) . In addition, fibroangioplasia in the interlobular septa and neutrophilic inflammation around the capsule were observed in these 2 cases. A few scattered aggregates of adipocytes were present in the interlobular area. No adipose tissue was detected in thymic lobules in any of the cases. Lobules of normal thymic tissue were located adjacent to hemorrhagic lobules in 3 of 4 rodenticide toxicosis cases.
Similar hemorrhagic lesions were observed in 5 cases of idiopathic thymic hematoma (cases 1, 2, 3, 4, and 9). Hemorrhage was severe and involved the lobules and interlobular septa. Hemorrhage often appeared to originate in the medullary area. Some lobules were severely expanded with loss of normal architecture. In 1 case, many lobules were necrotic with fragmented capsules. Normal lobules were located adjacent to hemorrhagic lobules in 3 of the cases. Thymic involution is characterized by a gradual depletion of cortical lymphocytes, replacement of parenchyma by adipose tissue, and an increase in thymic corpuscles. 1, 5 Presence of normal thymic cortical tissue in areas not affected by hemorrhage, absence of adipose tissue in thymic lobules, and a decrease in number of thymic corpuscles in the cases of thymic hematoma presented here are not consistent with thymic involution. The apparent loss of cortical lymphocytes in lobules disrupted by hemorrhage by itself is not sufficient to substantiate that the thymuses in VDIL cases are in involution.
Literature review revealed 2 hypotheses on the pathogenesis of thymic hematoma and hemorrhage in young dogs. Both are based on the interpretation that the thymus was undergoing involution or regression before the onset of the fatal hemorrhagic event. One author theorized that an involuting thymus was predisposed to hemorrhage because thinwalled veins and arteries do not receive sufficient counterpressure from adipose and loose connective tissue. 10 A sudden rise in blood pressure could cause fatal hemorrhage. Another author proposed that trauma, even mild, could result in an overstretching of the neck, causing rupture of vessels in a regressing thymus. 17 Involution of the thymus is a normal event that begins gradually after puberty. 1, 5 In dogs, puberty begins between 6 and 12 months. 4 Dogs in VDIL cases and many of the reported cases were 6 months old or younger. Thus, the age of these animals is not consistent with onset of normal physiologic involution. Also, these cases lack histologic features of involution. Recent veterinary or human histology textbooks make no reference to increased vascular fragility or lack of counterpressure during thymic involution. 1, 5, 15 Speculation on vascular fragility and tissue counterpressure based on routine histologic evaluation of injured tissue obtained at necropsy is of questionable value. No histologic evidence of systemic or local hypertension was detected, based on the absence of medial hypertrophy and hyalinization of arteries. Also, assessment of vascular integrity on the basis of routine histology is not feasible. A specific cause for the predilection of the thymus for spontaneous hemorrhage in cases of anticoagulant rodenticide toxicosis was not identified. Theories proposing thymic vascular fragility and sudden increases in blood pressure as possible causes are difficult to confirm. In a juvenile dog, the large size of a developing thymus in a confined space continuously subjected to cardiac and respiratory movements and negative pressure may be factors in this apparently age-related site predilection.
The histopathologic lesions in VDIL cases of thymic hematoma are similar to previously reported cases in the literature. The only difference is interpretation of the lesions. Disruption of normal lobular architecture was confined to areas of hemorrhage in VDIL cases and is interpreted to be the result of hemorrhage, not the cause of the hemorrhage. In VDIL cases of acute thymic hematoma, absence of detectable vascular lesions is not unexpected because of the short interval between onset of hemorrhage and death. Vascular lesions in VDIL cases were confined to areas of severe hemorrhage with features consistent with an infarct. Thymic hemorrhage can result in marked enlargement of thymic lobes. Enlarged spleens are prone to thrombosis and infarction and the same may be true for enlarged thymic lobules. 16 Thymic hemorrhage has not been well described in veterinary pathology textbooks and in fact may have been misinterpreted as thymic involution with hemorrhage in the literature.
Numerous anticoagulant rodenticides are in common use and are readily available over the counter or by pest control operators. Testing for all compounds is technically difficult and costly. The Tifton VDIL is currently analyzing for 3 of the 8 anticoagulant rodenticides listed in the Farm Chemical Handbook. 12 Selection of this limited panel was based on a survey of feed and general merchandise stores to identify which rodenticides are stocked in this predominantly rural agrarian area. Negative assays for anticoagulant rodenticides in case 3 and 4 do not exclude the possibility of other rodenticides. Warfarin is relatively inexpensive compared to other rodenticides and this may explain the high incidence of use in this area. A history of exposure was absent in all VDIL cases and most of the cases reported in the literature. Owner placement of bait in an area inaccessible to the dog does not preclude exposure to rodenticides, because rodenticides may be available through malicious poisoning, ingestion of intoxicated rodents, and passage of anticoagulant rodenticides in the milk of lactating bitches. 6 In general, the ability of the liver to metabolize drugs is reduced in young dogs and this may make them more sensitive to the toxic effects of anticoagulant rodenticides. 6 Spontaneous thymic hematoma indicates a major defect in hemostasis. Severe trauma, dissecting aneurysm, neoplasia, and other causes of coagulation disorders also should be considered. Thymic hemorrhage in a dog should alert the diagnostician to assay for anticoagulant rodenticides regardless of age or potential for exposure to rodenticides.
